(19) 



Europdisches Patentamt 
European Patent Office 
Office europ^en des brevets 




(11) 



EP 1 043 305 A1 



(12) 



(43) Date of publication: 

11.10^000 Bulletin 2000/41 



(21) Application number: 98947946.4 

(22) Date of filing: 20.10.1998 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 

(51) Int. 017: C07C 211/54. C07C 21 1/57. 
C07D 213/38. H05B 33/14. 
H05B 33/22, G03G5/06 



(86) International application number: 
PCT/JP98rtM730 

(87) International publication number: 

WO 99/20596 (29.04.1999 Gazette 1999/17) 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 20,10,1997 J P 30498897 

(71) Applicant: CHISSO CORPORATION 
Osalo-shi, Osaka-fu 530-0005 (JP) 

(72) Inventors: 

• UCHIDA, Manabu 
Yol(ohama-shi Kanagawa 236-0024 (JP) 



. lzUMIZAWA,Takenorl 

Yokohama-Shi Kanagawa 236-0024 (JP) 
• FURUKAWA, Kenji 

Yokosuka-shi Kanagawa 239-0831 (JP) 

(74) Representative: 

Ruffles. Graham Keith 
(MARKS & CLERK, 
57-60 Lincoln's Inn Relds 
London WC2 A 3LS(GB) 



(54) 



AMINE DERIVATIVES AND ORGANIC ELECTROLUMINESCENr DEVICE MADE BY USING 
THE SAME 



(57) An organic electroluminescent device contains a specKic amine 
hole-transportLn material or light-emitting maters 
longed service We. 



in 
o 

CO 
CO 

o 



Q. 

UJ 




CD 



T- [Wherein each of Ri to Rgo represents a hydrogen atom, a halogen atom, a CI-CG alkyl group, a CI-CS alkoxy group. 

(Cent, next page) 



Printed by Xerox (UK) Business Services 
2167(HRS)/38 



EP 1 043 305 A1 



a substituted or unsubs^tuted arrtno grou,^ a substituted or unsubstituted aryl ^P^^^^^jJ^^^^JtS 
heteracyclic group, ar«l any of the substituted or unsubstto^ 
erccydic group may form a condensed structure.] 



2 



EP1043 305A1 

Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to an amine derivative used in an organic electroluminescent device and sim- 
ilar devices. 

BACKGROUND ART 

w [0002] In recent years, an organic electroluminescent device (hereinafter abbreviated as "organic EL deviceT has 
become of interest as a candidate for a flat display of high luminance which has never been attained. In accordance 
with this trend, organic EL devices have been the subject of active research and development efforts. An organic EL 
device has a structure in which a light-emitting layer is sandwiched by two electrodes. Holes injected from a positive 
electrode and electrons injected from a negative electrode are recpmbined within the light-emitting layer, to thereby emit 

IS light Organic materials used for producing an organic EL device include high- and low-molecular-weight materials, and 
both types of materials are known to provide an organic EL device which can emit light of high luminance. 
[0003] Organic EL devices are categorized into two types. A first type contains a charge-transporting layer which 
transports electrons and/or holes and to which a fluorescent dye is added, as has been described by C. W. Tang et al. 
(Journal of the Applied Physics. 65, 3,610 (1989)). The other type employs a fluorescent dye singly in a light-emitting 

20 layer (for example, a device described in Japanese Journal of Applied Physics. 27, L269 (1988)). 

[0004] Organic EL devices employing a fluorescent dye singly in a light-emitting layer are further classified into the 
following three types. A first type is directed to a three-layered device in which a light-emitting layer is sandwiched by a 
hole-transportation layer which transports only holes, which are a form of charge, and an electron-transportation layer, 
which transports only electrons. A second type is directed to a two-layered device in which a hole-transportation layer 

25 and a light-emitling layer are slacked. A third type is directed to a two-layered device in which an electron-transportation 
layer and a light-emitting layer are stacked. An organic EL device is known to have improved light-emitting efficacy when 
it has a two- or three-layered structure. 

[0005] However, conventional organic EL devices do not necessarily exhibit satisfactory performance in practical 
application. One major reason for this may be attributed to lack of durability of the material used in the devices, partic- 

30 ularly hole-transportation material. 

[0006] In addition, hole-transportation material used for conventtonal devices tends to combine with light-emitting 
material and electron-transportation material, which materials are also used for the devices, to thereby form an exqplex 
which yields poor device efficacy. Therefore, the types of light-emitting materials or electron-transportation materials 
which can be used have been limited. 

35 [0007] A variety of materials centering on triphenylamine derivatives have been known as hole-transportation 
materials used for such organic EL devices, but few materials are suitable for practical use; i.e., few are materials which 
impose no limit the types of other materials simultaneously used for the devices and which provide high light-emitting 
efficacy and long sen/ice life. 

[0008] For example, there has been reported N.N'-diphenyl-N\N'-di(3-methylphenyi)-4,4'-diaminobiphenyl (hereaf- 
40 ter abbreviated as TPD) (Applied Physics Letter. Vol. 57. No. 6, p. 531 . 1990). This compound is thermally unstable, and 
is disadvantageous in terms of the service life of the resultant device. Many other triphenylamine derivatives are dis- 
closed in US. Patent Nos. 5047687, 4047948. and 4536457 and in Japanese Patent Application Laid-Open (/co/caO 
Nos. 5-239455 and 8-87122. However, none of these are satisfectory in terms of well-balanced characteristics in prac- 
tical application. 

45 [0009] In addition, star-burst amine derivatives disclosed in Japanese Patent Application Laid-Open {kokai) Nos. 4- 
308688 and 6-1972 and "Advanced Materials" Vol. 6, p. 677 (1994); and compounds disclosed in Japanese Patent 
Application Laid-Open {kokai) Nos. 7-126226. 7-126615. 7-331238. 7-97355. 8-48656. and 8-100172 and "Journal of 
the Chemical Society Chentical Communicatfon" p. 2175 (1996) are unsatisfactory in terms of characteristics in practi- 
cal application; i.e.. they impose limitation of the types of other materials which is used simultaneously and fail to attain 

so high light-emitting efficacy and tong service life. 

[0010] Incidentally. Japanese Patent Application Laid-Open {kokai) No. 7-301927 discloses that a naphthylamine 
derivative is applied to electrophotograp^i/. but does not disclose application of the derivative to an organic EL device. 
[0011] As desCTibed above, hole-transportation materials used In conventional organic EL devices do not exhibit 
satisfactory performance In practical application, and thus there is need for an excellent material that can enhance the 

55 light-emitting efficacy and service life of organic EL devices. 

[001 2] In order to solve the above-described problems, an object of the present invention is to provide an organic 
EL device which has high light-emitting efficacy and long sen/ice life, and a novel hole-transportation material and light- 
emitting material which are used in the EL device and which are not limited by other materials used simultaneously. 
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DISCLOSURE OF THE INVENTION 



[001 3] In view of the foregoing, the present inventors have conducted extensive studies in an attempt to solve the 
aforementioned problems involved in conventional organic EL devices, and have found that when a spedfic type o 
amine derivative is used, a resultant organic EL device has high light-emitting efficacy and long service lifa The present 
invention has been accomplished on the basis of this finding. 

[00141 Accordingly, in a first aspect of the present invention, there is provided a specKic amine compound repre- 
sented by the following fiornnula (1): 



IS 



20 




(1) 



30 [wherein each of to Rgo represents a hydrogen atom, a halogen atom, a C1-C6 alkyi group, a C1-C6 alkoxy group^ 
a substituted or unsubstituted amino group, a substituted or unsubstituted aryl group, or a substituted or unsubstitu^ed 
heterocyclic group, and any of the substituted or unsubstituted aryl group or any of the substituted or unsubsttuted het- 
erocyclic group may fonn a condensed structure]. 

[001 5] In a second aspect of the present invention, there is provided an organic electroluminescent device compris- 
35 ing an amine derivative represented by formula (1 ). ^ . ■ • 

[0016] In a third aspect of the present invention, there is provided an organic electroluminescent device compnsing 
a hole-transportation layer wHch contains an amine derivative represented by formula (1). 
[0017] In a fourth aspect of the present Invention, there is provided an organic electroluminescent device compris- 
ing a light-emitting layer which contains an amine derivative represented by formula (1). 
40 [0018] In a fifth aspect of the present invention, there is provided an organic electroluminescent device comprising 
a hole-injection layer which contains an amine derivative represented by formula (1). . 

[0019] In a sixth aspect of the present invention, there is provided a hole-transportation material compnsing an 
amine derivative represented by formula (1). ..... 

[0020] In a seventh aspect of the present invention, there is provided a light-emitting matenal compnsing an amine 
45 derivative represented by formula (1). 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0021 1 The present invention will next be described in detail. 

so [0022] As described above, the organic EL device of the present invention comprises an amine derivative repre- 
sented by formula (1 ). and the amine derivative mainly functions as a hole-transportation material, a light-emitting mate- 
rial, and/or a hole-injection material. The amine derivative perse may form one or more of a hole-transportation layer, 
a light-emitting layer, and a hole-injection layer, or may be contained in one or more of these layers. 
[0023] The organic EL device of the present invention may be realized in a variety of modes. The device has a basic 

55 structure in which a layer containing an amine derivative represented by formula (1) is sandwiched by a pair of elec- 
trodes (a positive electrode and a negative electrode), and a hole-injection material, a hole-transportation matenal; a 
light-emitting material, an electron-injection material, or an electron-transportation materia! may optionally be incorpo- 
rated into the amine-derivative-oontaining layer. Alternatively, a hole-injection layer, a hole-transportation layer, a light- 
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emitting layer, an electron-injection layer, or an electron-transportation layer containing these materials may be formed 
other than the amine-derivatlve-containing layer. 

[0024] Specific structural examples of the organic EL device of the present invention include stacked-layer struc- 
tures such as (1) positive electrode/layer containing an amine derivative of the present invention/negative electrode; (2) 

5 positive electrode/layer containing an amine derivative of the present invention/light-emitting (ayer/negative electrode: 
(3) positive electrode/layer containing an amine derivative of the present invention/light-emitting layer/electron-injection 
layer/negative electrode; (4) positive electrode/hole-injection layer/layer containing an amine derivative of the present 
inventlon/light-emitting layer/electron-injection layer/negative electrode; (5) positive electrode/layer containing an amine 
derivative of the present invention/hole-transportation layer/iight-emitting layer/electron-injection layer/negative elec- 

10 trode; and (6) positive electrode/hole-injection layer/layer containing an amine derivative of the present invention/elec- 
tron-injection layer/negative electrode. The structure of the organic EL device is not limited thereto. 
[0025] In the above cases, a hole-injection layer and an electron-injection layer are not always necessary, but pro- 
vision of these layers further enhances light-emitting efficacy of the EL device. 

[0026] When a layer conteining an amine derivative of the present invention is used as a light-emitting layer, addi- 
15 tion of another light-emitting material may change the color of emitted light and enhance light-emitting efficacy of the 
organic EL device. 

[0027] The organic EL device of the present invention, having any of the stnjctures listed above, is preferably sup- 
ported by a substrate. No particular limitation is imposed on the material of the substrate, and conventionally used 
material for the substrate of an organic EL device; for example, glass, transparent plastic, conductive polymer, or 
20 quartz, may be used. 

[0028] Each layer of the organic EL device of the present invention may be produced by subjecting a material of the 
layer to a conventional processing method; for example, a vapor deposition method, a spin-coating method, or a casting 
method, to thereby form a thin film. 

[0029] No particular limitation Is imposed on the thickness of the thus-formed layer; for exannple, a light-emitting 
25 layer. The thickness may be arbitrarily chosen, and Is usually chosen from a range of 2 nm - 5,000 nm. 

[0030] With regard to materials of the positive electrode In the organic ELdevice of the present invention, there may 
preferably be used a metal, an alloy, an electrically conductive compound, or a mixture thereof having a work function 
of 4 eV or more. 

[0031] Specific examples of the positive electrode materials include metals such as Au; and dielectric transparent 
30 materials such as Cul, Indium tin oxide (hereinafter abbreviated as 110), SnOa, and ZnO. 

[0032] The positive electrode may be produced by subjecting the aforementioned material to vapor deposition or 
sputtering to thereby form a thin film. 

[0033] In order to attain emission from the positive electrode, the percent transmission of the positive electrode is 
preferably 10% or more, and the sheet resistance of the positive electrode is preferably some hundreds n/mm or less. 
35 The thickness of the positive electrode, which depends on the material, is usually determined within a range of 10 nm- 

1 Jim. preferably 10-400 nm. 

[0034] With regard to materials of the negative electrode, there may preferably be used a metal, an alloy, an elec- 
trically conductive compound, or a mixture thereof having a work function of 4 eV or less. Specific examples of the neg- 
ative electrode materials include calcium, magnesium, lithium, aluminum, magnesium alloys, lithium alloys, aluminum 
40 alloys, aluminum/lithium mixtures, magnesium/silver mixtures, and Indium. 

[0035] The negative electrode may be produced by subjecting the aforementioned material to vapor deposition or 
sputtering to thereby form a thin film. The sheet resistance of the negative electrode Is preferably some hundreds n/mm 
or less. The thickness of the negative electrode is usually determined within a range of 10 nm-1 nm, preferably 50-200 
nm. 

45 [0036] In the organic EL device of the present invention, either or both of the positive electrode and the negative 
electrode are preferably transparent or semi-transparent so as to enhance output efficacy of emission through the EL 
device. 

[0037] As described above, the organic EL device of the present invention may be realized in a variety of modes. 
In the organic ELdevice of each mode, a hole-injection layer or hole-transportation layer comprises a hole-transmission 

50 compound, and has a function of transmitting to a light-emitting layer holes injected from a positive electrode. Therefore, 
when the hole-injection layer or hole-transportation layer is provided between ttie positive electrode and the light-emit- 
ting layer, a large amount of holes are injected to the light-emitting layer at a lower electrical field. In addition, electrons 
injected from a negative electrode or electron-Injection layer can be confined in the light-emitting layer, to thereby 
enhance light-emitting efficacy. Thus, the obtained organic EL device can exhibit excellent light-emitting performance. 

55 [0038] The amine derivative used in the organic EL device of the present invention exhibits excellent ability to Inject 
and transport holes, and to confine electrons. Therefore, the organic EL device of the present invention exhibits high 
light-emitting efficacy. 

[0039] Specific examples of the amine derivative of tiie present invention include compounds represented by the 
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following formulas (2) through (15). 
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[0040] These compounds may be synthesized through a known synthesis method; for example, any of the methods 
45 described in Examples of the present specification. Specifically, a metallic reagent such as alkyllithium is added to a 
solution of triarylamine halide at low temperature in an inert gas atmosphere, and the resultant mixture is stirred. Sub- 
sequently, zinc chloride or a similar compound Is further added to the mixture, and the resultant mixture is stirred for 
replacement of the metallic reagent with a metallic reagent which promotes a coupling reaction. A solution of another 
triarylamine halide and a coupling catalyst such as dichlorobis(triphenylphosphine)pal!adium are added to the resultant 
50 mixture for reaction, to thereby obtain the compound of the present invention. No particular limitation is imposed on the 
type of inert gas which is used herein, so long as the gas does not impede the reaction. For example, nitrogen gas or 
argon gas may be used. Examples of metallic reagents which may be used include n-butyilithium. sec-butyllithium. tert- 
butyllithium. phenyllithium, lithium, and magnesium. No particular limitation is imposed on the reaction temperature, 
and the reaction is usually carried out at a temperature within a range of -150°C to lOC'C. preferably -100'C to room 
55 temperature. Examples of metals which promote a coupling reaction include magnesium, tin, zinc, and boron. A cou- 
pling catalyst is preferably a metal complex of palladium or nickel. No particular limitation is imposed on the type of reac- 
tion solvent, so long as the solvent does not impede the reactton. and an ether solvent such as diethyl ether, butyl 
methyl ether, or telrahydrofuran (hereinafter abbreviated as THF) is usually used. 
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[0041] With regard to a hole-injection material and hole-transportation material that are used in the organic EL 
device of the present invention, there may be used an arbitrary material selected from materials which have convention- 
ally been used as charge-transportation materials for holes among photoconductive materials and from known materi- 
als which are used in a hole-injection layer or a hole-transportation layer of an organic EL device. 

5 [0042] Examples of such materials include carbazole derivatives (e.g., N-phenylcarbazole and polyvinylcarbazole) ; 
triarylamine derivatives (e.g. , TPD, polymers having an aromatic tertiary amine in a main or side chain, 1 . 1 •bis(4-di-p- 
tolylaminophenyl)cyclohexane, N,N'-diphenyl-N,N'-dinaphthyl-4,4*-diaminobiphenyl, 4,4\4'*-tris{N-(3-nnethylphenyl)-N- 
phenylamino}triphenyIamine, a compound described in "Journal of the Chemical Society Chemical Communications" 
p, 2175 (1996), corrpounds disclosed in Japanese Patent Application Laid-Open {kokai) Nos. 57-144558, 61-62038, 

10 61-124949, 61-134354. 61-134355, 61-1 12164, 4-308688. 6-312979, 6-267658. 7-90256. 7-97355, 6-1972. 7-126226. 
7-12661 5, 7-331 238, 8-1 00172, and 8-48656, and a star-burst amine derivative described in "Advanced Materials" Vol. 
6. p, 677 (1994)); stiibene derivatives (e.g., a compound described in Proceedings (II) of the 72nd annual spring con- 
vention of The Chemical Society of Japan, p. 1392, 2PB098); phthalocyanine derivatives (e,g.. metal-free phthalocya- 
nlne, copper phthalocyanine); and polysilane. 

IS [0043] Each of a hole-injection layer and a hole-transportation layer of the organic EL device of the present inven- 
tion may be formed of a single layer containing at least one species of the above-described compounds, or may be 
formed of a plurality of hole-injection layers laminated one on another, in which the layers contain different species of 
the compounds. 

[0044] The amine derivative of the present invention is suitable for use as a light-emitting material, due to introduc- 
20 tion of a phenylnaphthylene group. In particular, the amine derivative emits blue light, and the emission color of the 
organic EL device may be changed by incorporation of another light-emitting materia! of blue, green, or red color. 
[0045] Incidentally, a compound used In a layer that constitutes the organic EL device of the resent invention pref- 
erably forms no exciplex with a compound used In another layer. The amine derivative of the present invention has an 
advantage in that it rarely forms an exciplex with another compound. This is considered to be attributed to introduction 
25 of a phenylnaphthylene group. 

[0046] In the organic EL device of the present invention of each mode, an electron-transportation layer comprises 
an electron-transmission compound, and has a function of transmitting to a light-emitting layer electrons injected from 
a negative electrode. 

[0047] No particular limitation is Imposed on the type of electron-transmission compound, and ah employed corn- 
so pound may be arbitrarily selected from known compounds. Examples of such preferred electron-transmission com- 
pounds include diphenylqiiinone derivatives (e.g., those described in Denshi-Shashin Gakkai-shi, 30. 3 (1991)); 
perylene derivatives (e.g.. those described in J. Apply. Phys., 27, 269 (1988)); oxadiazole derivatives (e.g., those 
described in the above^escribed literature. Jpn. J. AppI, Phys.. 27, L713 (1988). or Appl. Phys. Lett.. 55. 1489 (1989)); 
thiophene derivatives (e.g., those disclosed in Japanese Patent Application {kokai] No, 4-212286); triazole derivatives 
35 {e.g., those described in Jpn. J. Appl. Phys., 32, L917 (1993)); thiadiazole derivatives (e.g.. those described in the 43id 
Proceedings of The Society of Polymer Science, Japan. (Ill) Pla007); metal complexes of an oxine derivative (e.g.. 
those described in the technical research report of Denshi Joho Tsushin Gakkai, 92 (311). 43 (1992)); polymers of qui- 
noxaline derivative (e.g.. those described in Jpn. J. Appl, Phys., 33. L250 (1994)); and phenanthroline derivatives (e.g., 
those described in the 43rd Proceedings of Kobunshi Toronkai, 14J07). 
40 [0048] With regard to other light-emitting materials used in tiie organic EL device of tiie present invention, ttiere 
may be used known light-emitting materials, such as daylight fluorescent materials, fluorescent brighteners, laser dyes, 
organic scintillators, and reagents for fluorescent analysis, as described in ''HikariKino Zairyo" in Kobunshi Kino Zairyo 
series, published by Kyoritsu Shuppan (1991), P236. edited by The Society of Polymer Science, Japan. 
[0049] Specifically, examples of prefen-ed light-emitting materials include polycondensed ring compounds such as 
45 anthracene, phenanthrene, pyrene, chrysene, perylene. coronene, rubrene. and quinacridone; oligophenylene com- 
pounds such as quaterphenyl; scintillators for liquid scintillation such as 1 ,4-bis(2-methylstyryl)benzene. 1,4-bls(4- 
metiTylstyryl)benzene, 1 ,4-bis(4-methyl-5-phenyl-2-oxazolyl)benzene. 1 ,4-bis{5-phenyl-2-oxazolyl)benzene. 2,5-bis(5- 
tert-butyl-2-b^oxazolyl)thiophene. 1,4-diphenyl-1,3-butadiene. 1,6-diphenyl-1.3.5-hexatriene, or 1,1,4,4-tetraphenyl- 
1 ,3-butadiene; a metal complex of an oxine derivative disdosed in Japanese Patent Application (kokai) No. 63-264692; 
50 coumarin dyes; dicyanomethylenepyran dyes; dicyanomethylenethiopyran dyes; polymetiiine dyes; oxobenzanthra- 
cene dyes; xanthene dyes; carbostyryl dyes; perylene dyes; an oxazine compound disclosed in German Patent No. 
2534713; a stiibene derivative described in the Proceedings of ttie 40th Joint Lecture of Applied Physics, 1 146 (1 993); 
a spiro compound disclosed in Japanese Patent Application {kokai) No. 7-278537; and an oxadiazole compound dis- 
closed in Japanese Patent Application {kokai) No. 4-363891 . 
55 [0050] An example prefen-ed method for producing an organic EL device by use of the amine derivative of tiie 
present invention will next be described. Specifically, a metiiod for producing an organic EL device formed of the above- 
described positive electrode/layer containing the amine derivative of tiie present invention/negative electrode will be 
descrtoed. A thin film comprising a desired electrode substance; for example, a positive electrode sitetance, is formed 
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on an appropriate substrate through vapor disposition of sputtering so as to attain a film thidciess of 1 or less, pref- 
erably 10-200 nm, to thereby form a positive electrode. Subsequently, a thin film comprising the amine derivative is 
formed on the positive electrode. 

[0051 1 In order to form a thin film of the amine derivative, a spin-coating method, a casting method, or a vapor dep- 
osition method may be employed. Of these methods, a vapor deposition method is preferably employed in consideration 
that a homogeneous film is easy to produce and the film is not prone to generation of pinholes. 
[0052] When a thin film Is formed through vapor deposition, the desirable vapor deposition conditions are typically 
determined within the following ranges: boat heating temperature of 50-400*C, degree of vacuum of 10'^-1 0'^ Pa. vapor 
deposition rate of 0.01-50 nm/sec, substrate temperature of -150 to +300'C, and film thickness of 5 nm to 5 jim, in 
accordance with the species of amine derivatives used in a layer containing an amine derivative and the desired crystal 
structure and association state of a molecular accumulated film. 

[0053] After completion of formation of a layer containing the amine derivative, a thin film comprising a substance 
for forming a negative electrode is formed on the layer through vapa deposition or sputtering, so as to attain a film thick- 
ness of 1 ^m or less, to thereby produce a negative electrode. Thus, a desired organic EL device is obtained. 
[0054] Alternatively, in production of the above-described organic EL device, the procedure may be performed in 
the reverse manner; I.e., successively forming a negative electrode, a light-emitting layer, and a positive electrode, in 
this sequence. 

[0055] DC voltage Is applied to the thus-obtained organic EL device, with polarity such that the positive electrode 
has positive (+) potential and the negative electrode has negative (-) potential. When the application voltage is approx- 
imately 2-40 V, emissfon is observed from a transparent or semi-transparent electrode (either the positive electrode, the 
negative electrode, or both). 

[0056] The organic EL device of the present invention emits light when AC voltage is applied thereto. The applied 
AC voltage may have an ari3itrary waveform. . 

[0057] As described above, the organic EL device of the present invention exhibits not only high light-emitting effi- 
cacy but also excellent durability during storage and In use. This is because the amine derivative of the present Inven- 
tfon has a glass transition point (hereinafter abbreviated as Tg). The organic EL device of the present invention 
preferably comprises an amine derivative having a Tg of SO^C or higher, more preferably a compound having a Tg of 
100**C or higher. 

[0058] In general, each of layers constituting an organic EL devfoe is anu^rphous, and crystallization of the layer 
may result In breakage of the organic EL device. Thus, a material having a high Tg is preferably used in an organic EL 
device. For example. N-phenyl-N-(3-methylphenyl)-4-{4-(Ni3henyl-N-naphthyl)amlnophenyl}naphthylamine repre- 
sented by the aforementioned formula (2) (hereinafter abbreviated as PMPNAPN), an example of the amine derivative 
of the present invention, has a Tg of 1 0T^C, which is approximately 40*0 higher ttian that of TPD. 
[0059] A display apparatus comprising an organic EL device may be used or stored in a high-temperature location; 
for example, in a greenhouse or car, or In a location exposed to direct sunlight. In order to endure such harsh conditions, 
a material having a high Tg is used In an organic EL device, to thereby prolong the service life of the device. 

EXAMPLES 

[0060] The present invention will next be desalbed In more detail by way of examples, which should not be con- 
strued as limiting the invention thereto. [Method for measuring Tg] 

[0061] Tg was measured through DSC. A sample was melted and quenched to assume a glass state. Subse- 
quently, the temperature of the sample was elevated at a rate of 40''C/minute. 

Example 1 Synthesis of PMPNAPN [compound of fbrmula (2)] 

[0062] A 1 .6 mol/i solutfon (1 .7 ml) of butyllithium in hexane was added dropwise to a THF solution (5 ml) containing 
N-phenyl-N-(3-methylphenyl)-(4-bromo-1-naphthyl)amine (900 mg), at -78**C in a nitrogen atmosphere. After tiie mix- 
ture was stirred for 15 minutes, a tetramethylethylenediamine complex of zinc chloride (640 mg) was added to the mix- 
ture, and the resultant mixture was stinted for 30 minutes at room temperature. Subsequently, a THF solution (5 ml) 
containing N-phenyl-N-{l-naphttiyl)-N-(4-bromophenyl)amlne (1 g). and bistriphenylphosphin^ladium (50 mg) were 
added to the mixture, and the resultant mixture was heated and refluxed for 19 hours. After the mixture was allowed to 
cool, water and toluene were added, to thereby obtain a crude product in an organic layer through extraction. After con- 
centration under reduced pressure, the product was purified by silica gel column chromatography (heptane^oluene = 
5/1). to thereby obtain 0.2 g of the title compound. The fluorescent cofor of the compound in toluene was violet. 

^H-NMR (GDCI3) 5 = 2.23 (s, 3H). 6.7-7.6 (m. 26H), 7.81 (d. 1H). 7.91 (d. 1H). 8.0-8.04 (m. 3H). 
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[0063] The Tg of the thus-obtained PMPNAPN, as measured through DSC. was 107°C. 

Example 2 Synthesis of 4.4'-bis[4"-{N-phenyl-N-{3"'-methylphenyl)amino}naphthyl]triphenylamine [compound of for- 
mula (13)1 (hereinafter abbreviated as BPMANT) 

[0064J The procedure of Example 1 was repeated, except that N-phenyl-N-(1-naphthyI)-N-(4-bromophenyl)amine 
was replaced by 4,4'-dibromotrlphenylamine, to thereby synthesize the title compound. 

^H-NMR (CDCI3) 5 = 2.24 (s. 6H). 6.7-7.6 (m. 39H). 8.0-8.1 (m. 4H). 

[00651 The Tg of the thus-obtained BPMANT. as measured through DSC. was 1 45^C. 

Example 3 Synthesis of 4,4\4"-tris[4"'-{N-phenyl-N-(3'"-methylphenyl)amlno}naphthyl]triphenylamlne [compound off 
formula (14)) (hereinafter abbreviated as TPMANT) 

[0066] The procedure of Example 1 was repeated, except that N-phenyl-N-(1 -naphthyl)-N-(4-bromophenyl)amine 
was replaced by 4,4*,4"-triiodotrlphenylamine, to thereby synthesize the title compound. 

^H-NMR (CDCy 6 = 2.25 (s. 9H). 6.78 (bd. 3H), 6.8-7.0 (m. 9H). 7.60 (bd. 6H). 7.1 1 (t. 3H). 7.2 (m, 6H). 7.3-7.6 
(m, 24H). 8.06 (bd. 3H), 8.12 (bd. 3H). 

[0067] The Tg of the thus-obtained TPMANT as measured through DSC. was 168*»C. 

Example 4 

[0068] A glass substrate (25 mm x 75 mm x 1.1 mm. product of Tokyo Sanyoshinku) onto which ITO had been 
vapor-deposited so as to attain a film thickness of 50 nm was used as a transparent support substrate. The support sub- 
strate was fixed upon a substrate holder of a commercially available vapor deposition apparatus (product of 
Shinkukiko). A quartz crucible containing PMPNAPN and another quartz crucible containing tris(8-hydroxyquino- 
line)aluminum (hereinafter abbreviated as Aiq) were placed in a vacuum vessel, and the internal pressure of the vessel 
was reduced to 1 x 1 0** Pa. 

[0069] The crucible containing PMPNAPN was heated for vapor deposition of PMPNAPN on the support substrate, 
so as to form a film having a thickness of 50 nm. Then, the crucible containing Alq was heated for vapor deposition of 
Alq , so as to form a film having a thickness of 50 nm. The vapor deposition rates were 0.1-0.2 nm/sec. 
[0070] Subsequently, the Internal pressure of the vacuum vessel was reduced to 2 x 1 0"^ Pa. Magnesium placed in 
a graphite crucible was vapor-deposited at a deposition rate of 1.2-2.4 nnVsec, and simultaneously, silver placed in 
another crucible was vapor-deposited at a deposition rate of 0.1 -0.2 nm/sec, to thereby form an Mg-Ag mixture metal 
electrode (200 nm), which sen/es as a counter electrode, on a light-emitting layer . to thereby form a. Thus, an organic 
EL device was produced. 

[0071] In the thus-produced organic EL device, when a DC voltage of 5 V was applied between the ITO electrode 
serving as a positive electrode and the Mg-Ag mixture electrode serving as a negative electrode, a current of about 5 
mA/cm^ flowed and green light having a wavelength of 530 nm was emitted with a luminance of 100 cd/m^. 

Example 5 

[0072] The procedure of Example 4 was repeated, except that PMPNAPN was replaced by BPMANT. to thereby 
produce an organic EL device. 

[0073] In the thus-produced organic EL device, when a DC voltage of 5 V was applied between the ITO electrode 
sen/ing as a positive electrode and the Mg-Ag mixture electrode serving as a negative electrode, a current of about 5 
mA/cm^ flowed and green light was emitted with a luminance of iso cd/m^. 

Example 6 

[0074] The procedure of Example 4 was repeated, except that PMPNAPN was replaced by TPMANT, to thereby 
produce an organic EL device. 

[0075] In the thus-produced organic EL device, when a DC voltage of 5 V was applied between the ITO electrode 
sending as a positive electrode and the Mg-Ag mixture electrode serving as a negative electrode, a current of about 3 
mNctr? flowed and green tight was emitted with a luminance of 70 cd/m^. 
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Examole 7 

[0076] In the same manner as in Example 4. a transparent support substrate wasfixed upon a subsfrate holder of 
a vapor deposition apparatus. A quartz cructole containing PMPNAPN. another crucible ajntaining TPD. and stj 
s another crucible containing Alq were placed in a vacuum vessel, and the internal pressure of the vessel was reduced 

^mm]° ^e crucWe containing PMPNAPN was heated for vapor deposftion of PMPNAPN on the support substrate 
so as to fomi a film having a thickness of 30 nm. Then, the crucible containing TPD was heated for vapor d^sition of 
TPD so as to form a film having a thickness of 20 nm. Furthermore, the crucible containing Alq was heated lor vapor 

10 deposition of Alq, so as to form a film having a thickness of 50 nm. The vapor deposHion rates were 0.1-0.2 nm/^ 
100781 Sitosequently. the internal pressure of the vacuum vessel was reduced to 2 x lO"^ Pa. Magnesium placed in 
a graph-ite cnidble was vapor^eposited at a deposition rate of 1.2-2.4 nm/sec, and simultaneously silver placed in 
another crucible was vapor<leposited at a deposition rate of 0.1-0.2 nmfeec. to thereby form an Mg-Ag mix^e metel 
electrode (200 nm), which sen/es as a counter electrode, on a light-emitting layer under the above<lesoribed condi- 

15 tions. Thus, an organic EL device was produced. rm «i«.*«Ha 

[00791 In the thus-produced organic EL device, when a DC voltage of 5 V was applied between the ITO electrode 
serving as a positive electrode and the Mg-Ag mixture electrode serving as a negative electrode, a current of about 7 
nWci^ flowed and green light was emitted with a luminance of 180 <xUnf. 

20 Example 8 

[0060] In the same manner as in Example 4. a transparent support substrate was fixed upon a substrate holder of 
a vapor deposition apparatus. A quarte crucible containing PMPNAPN. another crucible containing IPD and another 
crudWe containing 9,9'-spirobisilafluorene were placed in a vacuum vessel, and the Internal pressure of the vessel was 

reduced to ^^^^^^ containing TPD was heated for vapor deposition of TPD on the support substrate, so as to farm 
a fim having a thickness of 50 nm. Then, the crucible containing. PMPNAPN was healed for vapor deposrtion of PMP- 
NAPN so as to form a film having a thickness of 20 nm. Furthermore, the crucible containing 9.9'-spirobBila^toene 
was heated for vapor deposition of 9.9'-spirobisilafluorene thereon, so as to form a fim having a thickness of 50 nm. 
30 The vapor deposition rates were 0.1-0.2 nmfeec. a™ i 

[0082] Subsequently, the internal pressure of the vacuum vessel was reduced to 2 x la* Pa. Magnesium placed in 
a graphite cnidble was vapor-deposited at a deposition rate of 1.2-2.4 nm/sec. and simultaneously silver placed in 
another cnidble was vapor-deposited at a deposition rate of 0.1-0.2 nmfeec. to thereby fomi an Mg-Ag mudure metal 
electrode (200 nm). which sen/es as a counter electrode, on a fight-emitling layer under the abovenlescnbed condi- 

35 tions. Thus, an organic EL device was produced. ,. j u rtirt -i<»^mHo 

[0083] In the thus-produced organic EL device, when a DC voltage of 7 V was applied between the nO electrode 
serving as a positive electrode and the Mg-Ag mixture electrode serving as a negative electrode, a current of about S 
mfiJar? flowed and blue light was emitted from PMPNAPN. 

[00841 In the same manner as in Example 4, a transparent support substrate was fixed upon a substrate holder of 
a vapor deposition apparatus. A quartz crudWe containing PMPNAPN. another crucible containing 4.4'.4"-1ns(N- 3- 
methylphenyl)-N-phenylamino}triphenylamine. and still another cnjciWe containing 25-bis{5KZ- 
benzo[blthienyl)thi6nyl)-1 ,1 ,3.4-tetraphenylsilacydopentediene were placed in a vacuum vessel, and the internal pres- 
sure ol the vessel was reduced to 1 x 1 0* Pa. ^ , 
[0085] The crudWe containing 4.4'.4"-tris{N-(3-methylphenyl)-N-phenylamino}triphenylamine was heated for vapor 
deposition thereof on the support substrate, so as to form afilm having a thid<ness of 30 nm. Then, the crucible con- 
taining PMPNAPN was heated for vapor deposition of PMPNAPN. so as to fbrm afilm having a thfckness of 20 nm. Fur- 
thermore the crucible containing 2.5-bis{5-(2-benzo[blthienyl)thienyl}-1,l,3,4-tetraphenylsilacydopentediene was 
heated for vapor deposition thereof, so as to form a film having a thickness of 50 nm. The vapor deposition rates were 

[0086? ""t^ sequently, the internal pressure of the vacuum vessel was reduced to 2 x 10"* Pa. Magnesium placed in 
a graphite crucible was vapor-deposited at a depositton rate of 1.2-2.4 nmfeec, and simultaneously, silver placed in 
another crudble was vapor-deposited at a deposition rate of 0.1-0.2 nmfeec, to thereby form an Mg-Ag mixture metal 
electrode (200 nm). which serees as a counter electrode, on a light-emitting layer under the abov&described condi- 
tions. Thus, an organic EL device was produced. ^ ,Tr«»io^a 
[0087] In the thus-produced organic EL device, when a DC voltage of 15 V was applied between the ITO electrode 
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serving as a positive electrode and the Mg-Ag mixture electrode serving as a negative electrode, a current of about 100 
mA/crn^ flowed and red light was emitted. 

nnmparative Example 1 

5 

[0088] The Tg of TPD, as measured through DSC. was 69**C. 
Gompafative Example 2 

10 [0089] The procedure of Example 1 was repeated, except that PMPN APN used in Example 4 was replaced by TPD. 
to thereby produce an organic EL device. 

[0090] In the thus-produced organic EL device, when DC voltage was applied between the ITO electrode serving 
as a positive electrode and the Mg-Ag mixture electrode serving as a negative electrode at 100°C, light was extin- 
guished after several seconds. In contrast, when DC voltage was applied to the organic EL device produced in Example 
IS 4 at 1 00°C, light was emitted even after one hour. 

INDUSTRIAL APPLICABILITY 

[0091] The amine derivative of the present invention has a high Tg and exhibits excellent hole-transportation per- 
20 fbrmance. and is thus suitable for producing a transportation layer of an organic EL device or for electrophotography. 
Furthermore, the derivative rarely forms an exciplex between light-emitting and electron-transportation materials, and 
thus the derivative can be combined with various materials to thereby produce an organic EL device which maintains 
light-emitting efficacy and emits light of different colors. In addition, the derivative has high light-emitling efficacy and is 
suitable as a light-emitting material. 
25 [0092] The organic EL device of the present invention comprises the above-described amine derivative, and has 
high light-emitting efficacy and prolonged service life. In addition, a full-colored display is realized by use of the device. 
Accoidingly, use of the organic EL device of the present invention enables production of a full-colored display of pro- 
longed service life. 

30 Claims 

1. An amine derivative represented by the following formula (1): 




[wherein each of to R20 represents a hydrogen atom, a halogen atom, a C1-C6 aikyi group, a C1-C6 alkoxy 
group, a substituted or unsubstituted amino group, a substituted or unsubstituted aryl group, or a substituted or 
unsubstituted heterocyclic group, and any of the substituted or unsubstituted aryl group or any of the substituted or 
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unsubslituted heterocyclic group may form a condensed structure]. 
2. Anorganicdectroluminescentdevicecomprisinganaminederivatwerepr^^^^^ 




fwherein each of R. to represents a hydrogen atom, a halogen atom, a C1-C6 a kyi grouR a C^^^^ 
a sutetiStS or u^ubSituted amino group, a substituted or unsubstituted aryl J 
SJStLhetemcydlcgrouft and any of the substituted or unsubstitutedarylg^^ 

unsubstituted heterocyclic group may form a condensed structure]. 

3. Anorganicelectroiuminescertde«ceaccordingtoclalm2.whfchcomprise8ahd^^ 
tains an amine derhratlve represented by formula (1 ). 

4. An organic electroluminescent device according to daim 2. which comprises a Bghl-emitting layer which contains 
an amine derivalive represented by formula (1). 

5. An organic electroluminescent device according to claim 2. which comprises a hole-injection layer which contains 
an amine derivative represented by formula (1). 

6. Ahole-transportationmaterialcomprislnganamineder^^^^^ 
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unsubstituted heterocydic group may form a condensed stn^cture]. 
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